Introduction
Nocturnal enuresis (NE) is a very common clinical disorder with a profound impact on affected children and their families. NE is defined as an intermittent (i.e., not continuous) bedwetting with any frequency during sleep in children more than or equal to five years old, according to the International Children's Continence Society (ICCS). [1] The DSM-5 has widened the scope of the criteria for enuresis. NE is the persistent inability to control urination that is not consistent with one's age of development.
[2] The DSM-5 criteria for NE is as follows: repeated voiding of urine into bed or clothes whether involuntary or intentional. This bedwetting behaviour must be clinically significant as manifested by either a frequency of twice a week for at least 3 consecutive months or the presence of clinically significant distress or impairment in social, academic (occupational), or other important areas of functioning. The patient's chronological age should be at least 5 years of age (or equivalent developmental level) and the behavior should not be attributable to the physological effects of a substance (e.g., a diuretic, antipsychotic or selective serotonin reuptake inhibitor) or another medical condition (e.g., diabetes, spina bifida, a seizure disorder). [2, 3] The choice of treatment depends on the frequency and severity of symptoms, the child's age and motivation. Treatment options for NE are use of desmopressin, alarm devices, and imipramine. In particular, the main therapeutic effect of desmopressin is its antidiuretic activity. Since it rapidly reduces the number of wet nights per week compared with placebo and with homotoxicological remedies. [4] The different formulations of desmopressin are an injectable solution, an oral tablet formulation and the recent oral sublingual lyophilisate (MELT) preparation. MELT with its higher bioavailability guarantees the same therapeutic response of other formulations with lower doses and represents the firstline and safe treatment for the NE. [5] [6] [7] The aim of this study was to evaluate adverse effects of MELT in enuretic children.
Material and methods
According to the ICCS classification, we enrolled 260 children with NE referred to the Pediatric Service, 'Campus Bio-Medico' University of Rome, from April 2014 to April 2017 in the study, of these 23 were excluded. Patients aged >5 years with a diagnosis of primary NE without NE treatment within the last 3 months. The exclusion criteria included the precence of secondary NE, any known history of urinary infection, nephrogenic diabetes or congenital genitourinary anomalies. The children and their families were asked to participate in the study at the end of the clinical evaluation and, after a 3 months of observation period. The study was carried out in compliance with the Helsinki Declaration.
The study was characterized by 2 phases. Phase 1 consisted of taking a careful patient's medical history and performing physical examination (primarily urogenital examination) including monitoring blood pressure, cutaneous manifestation of occult spinal dysraphism (skin discoloration, dimples, hairy tufts, subcutaneous lipoma), lower extremity strength and sensation, deep tendon reflexes, state of bladder fullness and presence of fecal lumps. During the period of treatment, all patients and their parents were asked to keep a NE calendar depicting the wet and the dry nights. During the follow-up, families were called to verify their adherence and responses to the therapy.
Monosymptomatic patients were treated with MELT (Minirin/ DDAVP ® ) at a dose of 120 mcg a day for 3 months combined with dietary recommendations. [8] If anamnestic history underlined non-monosymptomatic NE, oxybutynin (Ditropan®) was recommended in addition.
After 3 months, micturition diary, adherence to therapy and any possible adverse effects were checked. The association between the dependent (adverse effects) and independent variables (patient sex, combined desmopressin and oxybutynin) was determined using odds ratio. 
Results
Of the 260 initially enrolled patients, 23 (8.8%) were excluded for the following reasons because 15 patients had undergone therapy with desmopressin within the previous 3 months, 5 were lost to follow up, and 3 cases needed a further period of observation. Thus, 237 children were included in our study. Of these, 164 (69.2%) were male and 73 (30.8%) were female, aged between 5 and 18 years (mean age 10.32±2.52 years).
Among 237 patients included in the study, 11 male and 6 female cases (n=17; 7.2%) with a mean age 10.06±2.49 years, reported 22 adverse effects, with an absolute risk of 7.17%. In particular:
• neurological symptoms (headache and migraine) (n=5 ;2.1%) • gastrointestinal side effects (abdominal pain, nausea and vomiting) (n=3; 1.3%) • sleep disturbances (difficulty falling asleep, nocturnal awakening) (n=4; 1.7%) • psycho-behavioral disorders (irritability, aggression, poor attention) (n=8; 3.4%) • fatigue (n=2: 0.8%) ( Table 1) .
Of the 17 children who reported side effects, 8 (47%, 5 males and 3 females) patients were treated with MELT monotherapy with absolute risk of 3.68%. Five (29.4%, 3 males and 2 females) cases were treated with MELT combined with oxybutynin, while 2 (11.8%, 2 males and 0 females) cases were treated with MELT combined with melatonin 1 mg/day, and 2 (11.8%, 1 male and 1 female) received treatment with MELT, oxybutynin and melatonin ( Table 2 ). The association between the adverse effects and therapy with MELT combined with melatonin was determined by the Odds ratio which was 0.47 with a level of significance p=0.2. The evidenced association between the side effects and the treatment with MELT combined with oxybutynin was determined by the odds ratio which was 4.61 (IC 1.62-13) with a level of significance p<0.05. The association between side effects and sex was determined by the odds ratio which was 1.30 with a level of significance p>0.05. The underlined association between side effects and age was studied with Student t-test. Mean difference between mean age of the patients with and without side effects was calculated at a significance level p>0.05.
With the onset of adverse effects, the patients stopped the treatment with a complete disappearance of the symptoms within 48 hours.
Discussion
Nocturnal enuresis is a multifactorial disorder with a genetic predisposition and there are some factors that worsen NE, including family history, sleep disorders, overactivity of the detrusor muscle, male gender, attention deficit/hyperactivity disorder (ADHD), low socio-economic status, poor school performance, and constipation. [9] [10] [11] Current therapies for NE include desamino-D-arginine vasopressin (DDAVP, desmopressin) treatment, use of an alarm device, oxybutynin, tricyclic antidepressants (imipramine) and behavioural techniques, or a combination of treatments. In this study we analyzed the adverse effects of MELT therapy in enuretic patients. Data have shown an absolute risk of 7.17% for the development of side effects with desmopressin treatment possibly associated with other therapies (oxybutynin/melatonin).
However, this absolute risk is reduced to 3.38% if patients were treated with MELT monotherapy. According to a recent review, which collected data from various clinical trials, the overall average incidence of side effects among 1083 enuresis-treated children with desmopressin was 5%. [12] The difference between the incidence rates of our sample and the reference study in the literature can be explained by several factors. First of all, two studies differ according to the number and age of the study participants (1083 children and adults in the first case vs. 237 children in our study). In addition, while the incidence data of our study refer to MELT monotherapy or in some cases to combination treatment with MELT, oxybutynin and/or melatonin. However, Van Kerrebroeck used desmopressin monotherapy in tablet or nasal spray formulation in patients with a diagnosis of monosymptomatic NE. Any statistically significant correlation between desmopressin treatment and variables such as sex (p=0.61), age of patients (p=0.32) and concomitant melatonin intake (p=0.2) was not detected in our study, although melatonin treatment may appear to be a possible protective factor from the development of side effects (OR=0.47).
Desmopressin is a synthetic analogue of vasopressin or ADH that reacts on kidney V2 receptors on the renal collecting tubuli, supporting water reabsorption and reducing the volume of urine produced. The most commonly encountered adverse reactions in our study were psychobehavioral disorders, gastrointestinal disorders, headache, sleep disturbances and less commonly fatigue. These effects are outnumber and more debilitating than those mild adverse effects commonly reported in the literature. [13] They are probably associated with excessive fluid intake or an inappropriately high dose of medication even though any experimental evidence does not exist on this issue. Currently, desmopressin is available in several formulations. Data gathered in the literature and post-marketing studies which evaluated the safety profile of the oral and sublingual lyophilisate formulations by emphasizing a lower incidence of side effects (primarily hyponatremia) of these two formulations compared to nasal spray. This is probably explained by the longer duration of the treatment (up to 24 hours) and/or by interindividual pharmacokinetic differences between different formulations. Considering the administration of MELT in our study, the incidence of adverse events was reduced to about 3%, which is even less than 5% incidence rate reported in the major studies concerning the safety profile of different formulations of the drug.
Finally, a useful statistical issue to be determined is the association between adverse effects and combined treatment of desmopressin and oxybutynin (p<0.001) the latter being a possible causal factor (OR=4.61). Oxybutynin, an anticholinergic drug, which acts on M1, M2 and M3 receptors at smooth muscle of bladder may be responsible for numerous side effects including nausea, vomiting, xerostomia, constipation, headache and insomnia. In addition oxybutynin, probably causing xerostomia, promotes increased absorption of fluids, which, is one of the main underlying mechanisms responsible for the appearance of desmopressin side effects.
The incidence rate of side effects of each formulation of desmopressin is not easy to estimate, and it is often complicated by the concomitant administration of other treatments. Our data hypothesize a low incidence of side effects related to MELT compared to an oral administration. In addition, the incidence of these effects increases if oxybutynin is combined to the MELT treatment.
However, it is not possible to attribute for certain the occurrence of adverse effects, directly to the desmopressin treatment, or to the combined treatment of desmopressin and oxybutynin. The literature studies have demonstrated that DDAVP is a safe and effective medication for NE. In our study MELT with its higher biodzavailability guaranteed a lower rates of adverse effects which resolved spontaneously and rapidly. The MELT formulation actually represents the first-line and safe treatment for the NE. Larger scale studies are needed to confirm the authors' observation.
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